the extent of pneumatization of the sinuses (Teke et al., 2007) . CT measurements of maxillary sinuses may be useful to support gender determination. The width, length, and height of maxillary sinus together can be used for gender determination when the whole skeleton is not available (Badger et al., 1998) . This study was designed to determine the reliability and accuracy of maxillary sinus dimensions measurement as a method for gender identification.
MATERIAL AND METHODS

Subjects:
The sample consisted of 73 persons (39 men and 34 women) with age range from 17 to 50 years. They were referred to Mansoura Emergency Hospital for the purpose of CT scanning of paranasal sinuses. All participants were supplied with informed consent. Prior to imaging, the patient was informed about the investigation and instructed not to move or swallow during scanning. To determine the reliability and reproducibility of the maxillary sinus measurements, inter-and intra-examiner calibrations were carried out. These calibrations were carried out by comparing the greatest measurements of the randomly selected 10 multi-detector CT by the same radiologist after 2 weeks from the first reading for intra-examiner calibration and by another senior general radiologist for inter-examiner calibration.
burned (Rainio et al., 2001) . When the skeleton exists completely, sex can be determined with 100% accuracy. This estimation rate is 98% in existence of pelvis and cranium, 95% with only pelvis and long bones, and 80-90% with only long bones. However, in explosions, warfare, and other mass disasters like aircraft crashes, identification and sex determination are not easy tasks (Ramanlal and Ariyo, 2005) .
Next to the pelvis, the skull is the most easily sexed portion of the skeleton, but the determination of the sex from the skull is not reliable well until after puberty. Sex estimation can be accomplished using either morphological or metric methodologies. Statistical methods utilizing metric traits are becoming more popular, with most of the bones having been subjected to linear discriminate classification (Fernandes, 2004 ).
It has been reported that maxillary sinuses remain intact, although the skull and other bones may be badly disfigured in victims who are incinerated, and therefore, that maxillary sinuses can be used for identification (Wind and Zonneveld, 1989) .
Computer tomography (CT) scans are an excellent imaging modality used to evaluate the sino-nasal cavities. They provide an accurate assessment of the paranasal sinuses, craniofacial bones, as well as Mansoura J. Forensic Med. Clin. Toxicol.
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from axial image that was parallel to the hard palate as a distance from the outermost point of the lateral wall of maxillary sinus to the medial wall.
The height of maxillary sinus was represented by the distance measured from the uppermost point of the superior wall of the sinus to the lowest point of the inferior wall. The measurement was obtained from coronal section that was perpendicular to the hard palate (Fig. 3 ).
The total distance across both sinuses was measured from axial section as a distance from the outermost point of one maxillary sinus to the outermost point of the opposite sinus (Fig. 4 ).
Statistical analysis:
All data were subjected to descriptive and discriminate analyses using the SPSS package (version 16; SPSS Inc., Chicago, IL). P-value was considered significant at ≤ 0.05 and highly significant at ≤ 0.001.
The axial scan was parallel to orbitomeatal line and the coronal scan was perpendicular to this line. The protocol was 35 mAs, 110 kV, 4 mm slice thickness, 180 mm field of view (FOV), 512 x 512 matrix, 0.8 pitch and 0.8 sec rotation time.
Maxillary sinus (MS) measurements: width, length, height, and total distance across both sinuses were measured from axial and coronal sections (4-mm slice thickness).
The greatest measurements were taken after going through different slices in axial and coronal sections.
Edentulous patients or patients who had history of trauma, surgery, or pathological lesions in maxillofacial region were not included in this study.
The MS length was measured from axial image as the longest length anteroposteriorly (Fig. 1) .
The MS width (Fig. 2) was measured Mansoura J. Forensic Med. Clin. Toxicol. 75.90 ± 6.11 for female group. In comparison to the male group, the female group showed a significant lower values regarding the total distance across both sinuses as p value = 0.05 (table 1) .
There were no significant right and left side differences for male compared to female group as regards MS width, length and height (table 2) .
Multiple regression equations revealed that among all MS measurements the right MS height was the best discriminate variable between genders (B= -0.121, p value (0.005*) and Constant= 4.451, p value (0.007*) with overall accuracy 69.9% (71.8% for male and 67.6% for female) as shown in table 3.
The Receiver Operator Characteristic analysis (ROC) was used to assess the validity of the tested variables. For each measurement, determination of cut-off value between sensitivity and specificity of MS measurements revealed that the right MS height was the most sensitive and specific variable to discriminate between gender (p value = 0.002) then the left MS height (p value =0.008) as shown in table 4 and figure 5.
As regards the accuracy of right and left MS measurements of gender groups, the right MS height was (68 % accurate measure) then the left MS height was (63% ac-
RESULTS
The mean value for the maximum width of maxillary sinus for the right side of male group was 24.68 ± 5.67 mm and 24.62 ± 6.09 mm for the left side. Regarding the total distance across both sinuses, the mean value of this parameter was 79.48 ± 9.68 mm for male group and There were no significant differences between right and left sides for both male and female groups regarding MS width, length and height.
In accordance to the current study, Uthman et al. (2011) showed no statistically significant sides difference for both gender as regards the length. While on the other hand, they found a significant right and left side differences for only male group as regards the width and the height.
In the present study, multiple regression equations revealed that among all MS measurements the right MS height was the best discriminate variable between gender [B= -0.121, p value was (0.005*) and Constant= 4.451, p value was (0.007*)] with overall accuracy 69.9% (71.8% for men and 67.6% for women). Accordingly, Uthman et al. (2011) recorded the accuracy rate for both sinuses measurements to be 74.4% for men and 73.3% for women with overall accuracy of 73.9%.
On the other hand, Teke et al. (2007) reported lower accuracy rates for the same measurements, which was 69.3% for men and 69.4% for women with overall accuracy of 69.3%.
Furthermore, Deshmukh and Deversh (2006) tested maxillary sinus measurecurate measure) and the total distance across both sinuses was (56% accurate measure) (table 5) .
DISCUSSION
In the field of forensic identification, maxillary sinus measurements can be taken with high speed and accuracy on the CT machine and standard instruments of measures.
The current study was designed to determine the reliability and accuracy of maxillary sinus dimensions measurement as a method for gender identification.
It was conducted on seventy three persons. The male group composed of 39 persons and the female group composed of 34 persons with age range 17-50 years.
Comparison between male and female groups showed that the female group had statistically insignificant lower values for both right and left sides as regards the MS width and length. While, the female group showed statistically significant lower values for both right and left sides as regards the MS height (p value = 0.003 and 0.01 respectively).
In comparison to the male group, the female group showed a significant lower values regarding the total distance across both sinuses as p value = 0.05. 
CONCLUSION
The result of the present work showed that the maxillary sinus exhibits anatomic variability between genders. Maxillary sinus dimensions measurements, especially the right height, are valuable in studying sexual dimorphism and the CT images could provide adequate measurements for maxillary sinuses that cannot be approached by other means.
ACKNOWLEDGEMENT
We would like to thank Prof. Dr. Saleh El-Essawy for his assistance in reviewing this study and his help for inter-examiner calibration.
ments for gender assessment and they found that the average accuracy reached 80-87%.
In the current study, the Receiver Operator Characteristic analysis (ROC) was used to assess the validity of the tested variables. For each measurement, determination of cut-off value between sensitivity and specificity revealed that the right MS height was the most sensitive and specific variable to discriminate between genders (p value = 0.002) then the left MS height (p value =0.008).
On the other hand, Uthman et al. (2011) showed that among cutoff points with highest sensitivity, the left maxillary sinus height is the best; it is associated with lowest false positive rate among all similar
